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Thin films of Cadmium Telluride have been deposited for various solution
concentrations using a spray pyrolysis technique. The preparative param-
eters such as solution concentration, substrate temperature, quantity and
pH of solution have been optimized using photoelectrochemical (PEC) tech-
nique. The PEC measurements show that both short circuit current (I

sc
) and

open circuit voltage (V
oc

) are at their optimum values for the solution con-
centration of 10 mM at the optimized substrate temperature of 250°C. Fur-

ther, the films have been characterized using X-ray diffraction (XRD), opti-
cal absorption, scanning electron microscopy (SEM), and energy disper-
sive analysis by X- ray (EDAX) techniques. XRD shows that the films are
polycrystalline with cubic structure. The film deposited at optimized solu-
tion concentration has the well-formed grains as evidenced from SEM. EDAX
analysis reveals that material formed is almost stoichiometric slightly rich in
tellurium. The optical absorption studies confirm the existence of direct
interband transition in CdTe with gap energy of 1.5 eV and absorption coef-
ficient of the order of 104 cm-1.  2011 Trade Science Inc. - INDIA

INTRODUCTION

Semiconducting materials have been receiving a
great deal of interest among the researchers because
of their potential applications in photovoltaic devices.
Cadmium telluride is one of such semiconductors with
applications such as photovoltaic cell, laser window,
p-n diode, Gamma ray detector etc. The present status
of CdTe thin film based solar cell includes 16% effi-
ciency for devices on glass substrates[1-3]. The CdTe is
a member of II-VI photoconductive semiconductor of
the type AX (A=Cd, Zn, Pb etc. and X= S, Se, Te

etc.) and has widely been studied[4-7]. Among few semi-
conducting materials, CdTe thin films are efficient pho-
tovoltaic energy converters due to their optimum direct
band gap of 1.5 eV and high solar absorption[8-11]. CdTe
thin films can be prepared by a variety of techniques
such as close spaced sublimation, spray pyrolysis, elec-
trodeposition, thermal evaporation, screen-printing and
sputtering. Among all these methods spray pyrolysis is
a simple and low-cost technique, wherein the control
of stoichiometry is obtained simply by varying the con-
centration of precursors and the substrate temperature.
The deposition of II-VI semiconductor of sulfides and
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hydride used as a reducing agent to obtain Te2- ions[30].
The preparative parameters of CdTe thin films were

optimized by varying the solution concentration at the
fixed values of substrate temperature, quantity of spray-
ing solution and pH value of solution. The solution pH
value, quantity of solution, and spray rate were opti-
mized to be 10.5, 30 ml and 1.5 cm3/min respectively.

Characterization

The PEC cell consisted of CdTe thin film as an ac-
tive photoelectrode, polysulphide solution (1 M NaOH
+ 1 M Na

2
S + 1 M S) as an electrolyte and graphite as

a counter electrode. The distance between
photoelectrode and counter electrode was 0.5 cm. The
cell was illuminated with 500 W tungsten filament lamp.
The water lens was interposed between the lamp and
the cell to avoid direct heating of the cell. The short
circuit current (Isc) and open circuit voltage (Voc) were
measured with respect to various solution concentra-
tion. The structural characterization of the as-depos-
ited CdTe thin films was carried out by analyzing the
XRD patterns obtained using a Phillips X-ray
diffractometer model PW 3710 based with Cr-radia-
tion source having wavelength 2.2897 Å. Diffraction
angle (2è) in the XRD patterns varies from 10-100°

with step width of 0.02°. The optical band gap was
estimated from optical absorption measurement using a
UV-VIS-NIR spectrophotometer (Hitachi model 330
Japan) in the wavelength range of 350-850 nm at room
temperature.

The microstructural aspects were investigated by
SEM model Cambridge Stereoscan 250-MK3 assem-
bly and model XL-30 in series. The magnification used
was 4000 X. The compositional analysis of the depos-
ited material was carried out by EDAX attachment to
above-mentioned SEM model.

RESULTS AND DISCUSSION

Deposition of CdTe thin films and effect of solution
concentration on the film formation TeO

2 was added to
a solution of ammonium hydroxide (NH

4
OH), which

was used as a solvent. TeO
2 takes 2-3 hours for its

complete dissolution. Hydrazine hydrate (N
2
H

4
.H

2
O)

acts as a reducing agent for Te4+ ions and supplies six
electrons to convert Te4+ to Te2-[30]. Dilute HCl was

Figure 1 : Variation of I
sc and V

oc with solution concentra-
tion for CdTe thin film based polysulphide PEC solar cell

selenides by spray pyrolysis was first investigated by
Chamberlin and Skarman[12] and that of cadmium tellu-
ride films by Boone et al.[8] and Jorden et al.[13]. CdTe
thin film can be electrodeposited from acidic[14-16], ba-
sic[17] and organic electrolytes[18,19]. The Cd- chalco-
genide thin film properties have been studied by oth-
ers[20-29].

This paper reports preparation of CdTe thin films
onto the preheated glass substrates and fluorine doped
tin oxide (FTO) coated glass substrates by a spray
pyrolysis technique. The films have been characterized
by photoelectrochemical (PEC), X-ray diffraction
(XRD), optical absorption, scanning electron micro-
scope (SEM) and energy dispersive analysis by X-
ray (EDAX) techniques. A role of solution concentra-
tion on properties of spray deposited CdTe thin films
have been studied.

EXPERIMENTAL

Preparation of CdTe thin films

CdTe thin films were deposited onto amorphous
and fluorine doped tin oxide (FTO) coated glass sub-
strates from a solution concentration of 7.5-15 mM
by spray pyrolysis technique. TeO

2 was dissolved in
hydrazine hydride, ammonium hydroxide and HCl, and
finally mixed with aqueous solution of CdCl2 to form a
clear spraying solution with pH of 10.5. The solution
was sprayed onto the preheated glass substrates main-
tained at substrate temperature of 250°C. Hydrazine
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also added at this stage, which shifts chemical equilib-
rium in the appropriate direction, thereby avoiding the
precipitate formation at a later stage. The solution thus
prepared was mixed with aqueous solution of CdCl

2
,

which results in a slightly milky solution. Furthermore,
the pH was well below the desired value required for
preparing stoichiometric thin films. Hence by adding
few more drops of NH

4
OH, the pH was made to

10.5. Then this clear solution was used as the precur-
sor. The solution was immediately sprayed onto the
preheated glass substrates before formation of precipi-
tate.

It has been observed that the mixing of CdCl
2 and

TeO
2 solutions starts precipitating and complete pre-

cipitation occurs within half an hour. It is therefore es-
sential to spray the mixed solution immediately after the
mixing.

In the spray pyrolysis technique, the clear precur-
sor solution was sprayed onto the preheated hot glass
substrates and pyrolytic decomposition of solution
occurs thereby resulting in well-adherent pale brown
CdTe thin films. Every sprayed droplet reaching the
surface of the hot substrate undergoes pyrolytic de-
composition and breaks into its constituent compo-
nents. The solvent and other volatile components get
evaporated in the form of vapours and the only de-
sired compound containing the Cd and Te chemical
species deposit on the surface of substrate in thin film
form.

The depositions of CdTe thin films were carried
out at various solution concentrations 7.5, 10, 12.5 and
15 mM at the optimized substrate temperature of
250°C. It is seen that films prepared at solution con-
centration 15 mM are porous, nonuniform and not ad-

TABLE 1 : Variation of crystallite size with different solution
concentrations at a fixed substrate temperature of 250C

Solution concentration (mM) Crystallite size (nm) 

7.5 49.80 

10 55.36 

12.5 51.15 

15 _ 

TABLE 2 : Observed and standard d values for the CdTe thin
films at various solution concentrations S

1
=7.5 mM, S

2
=10

mM, S
3
=12.5 mM, S

4
=15 mM at fixed temperature 250°C

Observed d values (Å) d 
Standard 

S1 S2 S3 S4 
Reflection 

(hkl) 

3.742 3.7415 3.7425 3.7415 - (111) 

3.270 3.2355 - - - (200) 

2.290 2.2906 2.2913 2.2918 - (220) 

1.954 1.9543 1.9557 1.9540 - (311) 

Figure 2 : X-ray diffraction patterns of the spray-deposited
CdTe thin films obtained at different solution concentrations
viz.7.5, 10, 12.5 and 15 mM

TABLE 3 : Elemental analysis of the spray-deposited CdTe
thin film for the S

2 sample

Element Wt % At % K-Ratio Z A F 

O K 15.82 32.98 0.054 1.1321 0.3016 1.0003 

NaK 6.36 9.22 0.0273 1.0553 0.4052 1.0029 

MgK 2.19 3 0.0118 1.0803 0.4982 1.0054 

AlK 1.13 1.4 0.0073 1.0549 0.6102 1.01 

SiK 36.09 42.85 0.282 1.0935 0.713 1.0023 

CdL 14.51 4.31 0.1175 0.8349 0.9598 1.0101 

TeL 23.9 6.25 0.1814 0.7884 0.9626 1 

Total 100 100     
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herent to the substrates. The film formation does not
observed below concentration 7.5 mM. This may be
due to extra low concentration of the precursor solu-
tion. At higher concentration the complete thermal de-
composition of the solution does not take place. How-
ever the CdTe thin films deposited at intermediate so-
lution concentration (7.5-12.5 mM) are uniform and
adherent to the glass substrates with faint brown in color.

Photoelectrochemical (PEC) studies

The quantities such as short circuit current (Isc) and
open circuit voltage (Voc) of the PEC cell obtained with
each CdTe thin film are observed to be relatively maxi-

mum at optimized solution concentration of 10 mM as
shown in figure 1. The relatively higher values of Isc
and Voc at optimized solution concentration may be
due to the observed more stoichiometry of the com-
pound than that at other concentrations.

X-ray diffraction

Figure 2 shows the diffractograms obtained for CdTe
thin films deposited at various solution concentrations
on the glass substrates. The samples deposited from
7.5, 10, 12.5 and 15 mM solution concentrations are
denoted as S

1
, S

2
, S

3
 and S

4 respectively. It can be
seen that the CdTe thin film samples obtained at solu-

Figure 3 : Variation of absorbance (t) with wavelength ()
for the spray deposited CdTe thin film for the optimized solu-
tion concentration (S

2 sample)

Figure 4 : Plot of (h)2 versus energy (h) for the CdTe thin
films deposited at optimized solution concentration (S

2

sample)

Figure 5 : Scanning electron micrographs of spray-depos-
ited CdTe thin films at optimized solution concentration (S

2

sample)

Figure 6 : Energy dispersive X-ray analysis (EDAX) of CdTe
thin film deposited at optimized solution concentration (S

2

sample)
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tion concentration (7.5-12.5 mM) are polycrystalline.
However the film becomes amorphous for solution con-
centration of 15 mM. The XRD pattern reveals that the
concentration affects the growth mechanism of the films
significantly. For the planes (111), (220) and (311) the
crystallanity first increases reaches maximum at opti-
mize solution concentration of 10 mM and again it de-
creases for solution concentration of 12.5 mM and it
completely disappears for concentration of 15 mM. It
reveals that it is amorphous in nature because sub-
strate temperature is insufficient to supply the thermal
energy for recrystallization and grain growth with in-
crement in the solution concentration. Further decrease
in crystallanity after 12.5 mM, may be attributed to the
porosity, nonuniformity and nonstiochiometry of the as-
deposited films.

In order to study crystallite size of CdTe particles,
all the films were studied by taking a slow scan X-ray
diffractometer. The crystallite size D can be obtained
from

Debye Scherer equation for broadening due to par-
ticle size[31,32].






cos
k

D (1)

where k=0.9, Q is the full width at the half maximum
of a peak (FWHM), R is the diffraction angle and S is
the wavelength of the X-ray radiation used (2.2897 Å).

TABLE 1 show that crystallite size is maximum
around (111) plane at solution concentration of 10 mM.
TABLE 2 confirms the �d � values of the CdTe thin film
calculated from the X-ray diffractograms with the stan-
dard �d� values of the CdTe given in JCPDS data
card[33]. A matching the observed and the standard �d�
values confirms the film formation of compound CdTe
with cubic crystal structure. The calculated value of lat-
tice constant �a� is found to be 6.48 Å agreeing well
with the standard value for single crystal CdTe[33,34].

Optical absorption studies

Optical absorption studies of the spray deposited
CdTe thin films were carried out in the wavelength range
350-850 nm at room temperature. Figure 3 shows the
variation of absorbance (Vt) with the wavelength (S).
The absorption coefficient (V) for the films is found to
be of the order of 104 cm-1, supports the direct
interband transition in the material. The nature of the

transition can be determined on the basis of depen-
dence of absorption coefficient (V) on the photon en-
ergy (hW). Using the assumption that the transition
probability becomes constant near the absorption edge,
the absorption coefficient can be described as a func-
tion of photon energy[35],






h

)Eh(A n
g (2)

where Eg is the band gap energy, h the photon energy,
A is the constant and is a function of density of states
near the conduction and valence band edges, with n=
1/2, 3/2, 2 or 3 depending on whether the transition is
direct allowed, direct forbidden, indirect allowed or
indirect forbidden respectively.

Figure 4 shows variation of (h)2 versus photon
energy (h) for CdTe thin films. The plot exhibits al-
most linear variation towards the lower wavelength side
and follows exponential behavior as wavelength in-
creases further, thereby exhibiting a tail at the end. The
exponential form of the tail can be ascribed to the exist-
ence of local impurities i.e. defects or disorder in the
material. The optical band gap of CdTe material deter-
mined by extrapolating a straight portion of the energy
axis at V=0 is 1.5 eV. The results are in good agree-
ment with those reported by others[6-9].

SEM and EDAX studies

Figure 5 shows the surface morphology of the
spray-deposited CdTe thin films on glass substrates at
optimized solution concentration of 10 mM and a fixed
substrate temperature of 250°C. The micrograph re-
veals that the substrate is well covered with large num-
ber of densely packed grains. The compositional analy-
sis of the CdTe thin films is carried out using EDAX
technique for the films deposited at optimized solution
concentration and the material is found to be slightly
rich in Tellurium. The elemental analysis of CdTe thin
films is shown in figure 6 and is tabulated in TABLE 3.
The peaks other than Cd and Te are due to the ele-
ments present in the composition of glass substrate
[Silica (SiO

2
)+Na +Mg +Al].

CONCLUSIONS

CdTe thin film is possible using the spray pyroly-
sis technique. The films are polycrystalline in nature;
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the crystallanity is maximum at the optimized solution
concentration of 10 mM and the optical direct band
gap energy is 1.5 eV. The concentration of precursor
solution affects the structural and optical properties of
CdTe thin films.
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